Background: Persistence on-treatment with antimuscarinics in patients with overactive bladder (OAB) is reported to be sub-optimal. This retrospective, longitudinal, observational cohort study assessed treatment persistence with β 3 -adrenoceptor agonists (i.e. mirabegron) and antimuscarinics, both classes of OAB pharmacotherapy, in patients with OAB in Spain. Methods: Adults who received mirabegron or an antimuscarinic in routine clinical practice (1 June-31 October 2014), were identified from anonymised prescription data within the Spanish Cegedim Electronic Medical Records database. The primary endpoint, treatment persistence (time to treatment discontinuation [TTD] and the proportion of patients remaining on-treatment after 12 months), was unadjusted for potential confounders. Multivariate Cox regression models of persistence, adjusted for baseline characteristics, were used to compare differences in treatment groups. Adjusted subgroup analyses (target OAB drug, age, treatment status and sex) and sensitivity analyses (extending the time used to define treatment discontinuation from 30 days [base-case] to 45, 60 or 90 days without prescription renewal) were also performed.
Background
Overactive bladder (OAB) is characterised by urinary urgency, usually accompanied by frequency and nocturia, with or without urgency urinary incontinence, in the absence of urinary tract infection or other obvious pathology [1, 2] . The prevalence of OAB in Spain is approximately 20% in patients ≥40 years of age; OAB is most common in the elderly population, observed in more than one-quarter of Spanish adults >70 years of age [3] .
Health-related quality of life (HRQoL) is profoundly affected in patients who experience OAB symptoms, as demonstrated by clinically meaningful impairments in HRQoL scores [4] . Aspects of life affected by OAB symptoms include sexual health, personal relationships, performing daily activities [5, 6] , employment and productivity in the workplace [6, 7] . The major impact of symptoms is exemplified by a study of OAB in Spain, which reported that 96% of patients adopted non-medical coping strategies to help manage their daily and occupational activities, and up to 10% of work time was lost by patients experiencing urgency and urinary incontinence (UI) [8] . OAB is also associated with a substantial economic burden; the total annual direct economic impact (incremental costs) of OAB on the Spanish National Healthcare System is estimated to be around €366 million [7] .
Following the use of conservative management strategies (recommended as initial treatment for OAB), oral pharmacotherapy with β 3− adrenoceptor agonists or antimuscarinic agents can improve OAB symptoms [9] . However, evidence from a large, retrospective analysis of medical and pharmaceutical claims database (N = 167,907) suggests that persistence (i.e. the duration of time from initiation to discontinuation of therapy [10] ) and adherence (i.e. the extent to which a patient acts in accordance with the prescribed interval, and dose of a dosing regimen [10] ) to antimuscarinics are low compared with pharmacological therapies used to treat other chronic diseases, including statins and oral diabetics [11] . A systematic literature review (SLR) and meta-analysis that assessed persistence and adherence to antimuscarinic therapy for OAB (14 retrospective database or self-report studies; N = 190,279) reported 12-month median persistence rates of 12.0-39.4%; persistence was evaluated up to 36 months and decreased over time [12] . Data from a review of 14 retrospective medical claims studies suggest that a high proportion (43-83%) of patients with OAB discontinued antimuscarinic treatment within the first 30 days [13] . In addition to poor tolerability, unmet treatment expectations, patient education and costs are cited as common reasons for discontinuing antimuscarinic treatment [14] .
Mirabegron is a first-in-class licensed, selective, oral β 3 − adrenoceptor agonist, which was approved for the treatment of OAB in Europe in December 2012 [15] and was first marketed in Spain in April 2014 [16] . Improved efficacy and similar tolerability for mirabegron compared with placebo has been demonstrated in several phase III studies [17] [18] [19] . Similar overall efficacy and improved tolerability regarding bothersome anticholinergic adverse events (AEs) was reported for mirabegron versus antimuscarinics in a network meta-analysis of 44 randomised controlled trials of OAB (N = 27,309) [20] . Significant improvements in persistence and adherence have been reported for mirabegron compared with antimuscarinics, in two large retrospective observational studies conducted in Canada and the United Kingdom (UK) [21, 22] . Persistence was also significantly greater for mirabegron versus tolterodine in a large, retrospective analysis of claims records of patients in the United States [23] . These findings may be due, in part, to a lower incidence of bothersome anticholinergic AEs, such as dry mouth, reported for mirabegron compared with antimuscarinics [20] , which are frequent reasons for treatment discontinuation [24] [25] [26] . Other factors such as the information provided for the patient about their condition (i.e. patient education), patients' willingness to take long-term treatment, and treatment costs may also affect persistence and adherence in patients with OAB [14, [27] [28] [29] .
Persistence and adherence in patients with OAB are associated with several clinical and economic benefits. Significant improvements in OAB symptoms and HRQoL have been reported in patients adherent to and those persistent on-treatment, respectively, compared with non-adherent or non-persistent patients [30, 31] . Moreover, economic models of OAB suggest that improvements in persistence with mirabegron versus antimuscarinics translate into reduced healthcare resource use, fewer lost work hours, and lower total costs [32, 33] .
Data are available from two retrospective, observational studies which evaluated treatment persistence and adherence in patients receiving pharmacotherapy for OAB in Spain [34, 35] . However, limitations in the design of these studies include possible under-reporting of the incidence of OAB and a lack of evaluation of other variables besides pharmacological treatment. Multivariate analyses to adjust for the impact of baseline characteristics were included in the current study, which assessed treatment persistence and adherence observed with mirabegron versus several common antimuscarinics in patients with OAB in Spain.
Methods

Study design and objectives
This was a retrospective, longitudinal, observational cohort study of patients with OAB who received mirabegron or an antimuscarinic drug in routine clinical practice. Anonymised prescription records were collected from the Spanish Cegedim Electronic Medical Records database, which holds information for approximately one million patients, submitted by primary and secondary care physicians in Spain.
The primary objective was to compare treatment persistence with mirabegron versus antimuscarinics in all eligible patients with OAB. Secondary objectives included: comparing treatment adherence with mirabegron versus antimuscarinics in all eligible patients; evaluating treatment persistence and adherence in different subgroups; and investigating the impact of different patient characteristics on treatment persistence and adherence.
Ethics committee approval for the study was obtained from the Hospital Clinic of Barcelona.
Study population
Eligible patients were ≥ 18 years of age and received a prescription for a target OAB drug between 1 June and 31 October 2014 (i.e. the selection period); the date of the first prescription of that drug was the index date (Additional file 1: Figure S1 ). Eligible patients were also required to have continuous enrolment during the preand post-index periods (12 months prior to and 12 months after the index date, respectively). Exclusion criteria were: prior prescription of the target OAB drug or a 5α-reductase inhibitor during the pre-index period, and prescription of another OAB drug (i.e. receipt of concomitant therapy) at the index date or up to 30 days afterwards; concomitant therapy was permitted > 30 days after the index date. Eligible drugs were identified using European Pharmaceutical Market Research Association (EphMRA) Anatomical Therapeutic Chemical (ATC) codes [36] (Additional file 2: Table S1 ).
Endpoints
Treatment persistence, the primary endpoint, was defined as the time from the index date until first discontinuation of the index drug (i.e. time to discontinuation [TTD] ). An index drug was considered discontinued after a period of 30 days without prescription renewal.
Adherence, determined using the medical possession ratio (MPR), was assessed as a secondary endpoint. This was calculated by two methods: the sum of days' supply of the index drug, divided by 365 days (i.e. fixed-MPR), or divided by the TTD (i.e. variable-MPR). Patients were considered adherent with a MPR of ≥80%.
Statistical analyses
Treatment persistence and adherence (primary and secondary endpoints), assessed in all eligible patients, were not adjusted for potential confounding factors and data were reported descriptively. The unadjusted analyses of persistence were presented using Kaplan-Meier curves and reported as median TTD and the proportion of patients persistent at the end of the 12-month post-index period. The unadjusted analyses of adherence were reported as mean MPR and the proportion of adherent patients at the end of the 12-month post-index period.
Multivariate analyses using Cox and linear regression models were used to analyse TTD and MPR, respectively. The target OAB drug (i.e. mirabegron or antimuscarinics) was the independent variable; adjustments were made for potential confounding baseline factors of treatment status (naïve or experienced) and age (45-64, 65-74 or ≥ 75 years for analyses of TTD; < 65 or ≥ 65 years for evaluation of MPR). Treatment-naïve patients received no prescriptions for an OAB drug during the 12 months prior to the index date, while treatment-experienced patients received prior prescription(s) for a different OAB drug to the index drug. The models were fitted by including all covariates that showed a significant relationship (p < 0.10) with TTD or fixed-and variable-MPR in univariate Cox or linear regression models. Additionally, a forward selection process was used in the multivariate analyses and any variables which did not maximise the quality of the models were excluded [37, 38] .
Analyses of treatment persistence and adherence for mirabegron versus antimuscarinics (also using Cox and linear regression models, respectively) were performed, considering each individual antimuscarinic, and in the following patient subgroups: treatment-naïve or -experienced; < 65 or ≥ 65 years of age; and male or female. In addition, sensitivity analyses were performed to assess the impact of increasing the period without prescription renewal used to define TTD from 30 days (base case) to 45, 60 and 90 days. The sensitivity analyses were also adjusted for baseline characteristics.
Adjusted analyses were reported as hazard ratios (HRs) with 95% confidence intervals (CI) and p-values for TTD, or p-values only for MPR. For all adjusted comparisons, mirabegron was the reference comparator and a p-value of < 0.05 was considered statistically significant.
All analyses were performed using Statistical Analysis Software, version 9.3.
Results
Baseline demographics and characteristics
Overall, 1975 patients received a prescription for a target OAB drug during the selection period and 1798 were eligible for inclusion (Fig. 1) . The most common reasons for exclusion were receipt of two or more different OAB drugs (i.e. concomitant therapy) at index date or up to 30 days afterwards (N = 98), receipt of the index drug during the pre-index period (N = 50), and < 18 years of age at the index date (N = 36). A total of 1169 (65.0%) eligible patients received mirabegron and 629 (35.0%) received an antimuscarinic. Solifenacin was the most common prescribed antimuscarinic (N = 266; 14.8% of patients).
The mean age at index date was 66.42 years (Table 1) ; a higher proportion of patients were 65-80 years old in the mirabegron arm compared with the antimuscarinic arm (52.8% vs 44.0%), but a lower proportion were > 80 years old (11.8% vs 18.6%). Overall, 1021 (56.8%) patients were female; 637 (54.3%) and 384 (61.0%) in the mirabegron and antimuscarinic arms, respectively. Body mass index (BMI) data were available for 1185 patients, of whom, 545 (46.0%) were obese and 430 (36.3%) were overweight. Of 1289 (71.7%) treatment-naïve patients, a higher proportion was observed in the antimuscarinic arm compared with the mirabegron arm (85.7% vs 64.2%). Approximately two-thirds of patients in the mirabegron arm received their prescription in secondary care from a gynaecologist/ urologist; around three-quarters of patients treated with an antimuscarinic received their prescription in primary care, from a general practitioner (GP).
Persistence
All eligible patients
Median TTD was longer with mirabegron versus antimuscarinic therapy (90 vs 56 days, respectively (Fig. 2) . A higher proportion of patients prescribed mirabegron were persistent at 12 months (N = 236; 20.2%) compared with antimuscarinics (N = 64; 10.2%).
Multivariate analyses
Patients who received mirabegron were significantly less likely to discontinue treatment compared with those prescribed an antimuscarinic (HR: 1.52 [95% CI: 1.37-1.70]; p < 0.001) ( Table 2) . Patients < 75 years of age and treatment-naïve patients were significantly more likely to discontinue treatment compared with those ≥75 years of age and treatment-experienced patients, respectively (Table 2) .
Subgroup analyses
Median TTD for mirabegron (90 days) was significantly longer versus each individual antimuscarinic (range: 28-60 days; HR range: 1.21-2.17; p ≤ 0.013), and a higher proportion of patients were persistent at 12 months with mirabegron (20.2%) versus individual antimuscarinics (range: 3.2-13.9%) (Fig. 3) . Among the antimuscarinics, solifenacin had the longest median TTD and the highest proportion of persistent patients. Figure S2 ). Table S1 . 5-ARI, 5α-reductase inhibitor; OAB, overactive bladder
Sensitivity analyses
Median TTD in patients prescribed mirabegron was increased from 90 days in the base-case analysis to 121 days, when the period without prescription renewal used to define treatment discontinuation was extended from 30 to 90 days (Additional file 4: Figure S3 ). This analysis had little impact on median TTD in patients who received an antimuscarinic (range: 56-60 days across all adjusted periods); median TTD was significantly longer for mirabegron versus antimuscarinics across all of the adjusted time periods used to define treatment discontinuation (HR range: 1.43-1.53; p < 0.001 for all assessments).
Adherence
All eligible patients
Mean adherence using fixed-MPR was higher with mirabegron (38.69 [SD: 33.75] versus antimuscarinics (25.88 [SD: 28.14]) and the proportion of adherent patients was two-times higher with mirabegron versus antimuscarinics (22.0% versus 11.0%, respectively). Adherence measured using variable-MPR was similar between the two groups ( Table 3 ). The results of the multivariate and subgroup analyses of MPR are described in Additional file 5, with results displayed in Additional file 6: Tables S2, Additional  file 7: Tables S3, Additional files 8: Table S4 .
Discussion
This retrospective study assessed treatment persistence and adherence in approximately 1800 patients with OAB in Spain, who received mirabegron or an antimuscarinic in routine clinical practice. Greater persistence was observed for mirabegron versus antimuscarinics in both the unadjusted (all eligible patients) and adjusted (multivariate) analyses, including a two-times larger proportion of persistent and adherent patients at 12 months in the mirabegron arm (primary and secondary endpoints). These findings were supported by the results of the sensitivity analyses and the data reported in various patient subgroups.
Overall, the results of our study add to the growing body of real-world evidence from several other countries, which indicates mirabegron provides greater treatment persistence compared with antimuscarinics in patients with OAB [21] [22] [23] 32 ]; 12-month persistence with mirabegron ranged from 33% to 39% in three of these studies [21, 22, 32] . Recent evidence from BE-LIEVE, a large, prospective, non-interventional study of 682 patients from eight European countries (NCT02 320773), reported that 53.8% of patients were persistent after 12 months on-treatment with mirabegron [39] ; this was the highest 12-month persistence rate observed for mirabegron in real-world studies to date.
Median TTD and 12-month persistence rates for all OAB treatment reported in the current study were lower compared with recent retrospective, observational studies of treatment persistence with mirabegron and antimuscarinics conducted in different countries [21, 22, 40] . However, rates of 12-month persistence observed in the current study are comparable with some of the data reported in one other retrospective analysis (18%) [11, 23] , and two systematic literature reviews of persistence in patients with OAB (12-39% and 10-25%) [12, 13] . National issues relating to clinical practice in Spain may have contributed to lower treatment persistence compared with some studies. For example, patients in Spain are expected to co-pay up-to 60% of drug costs [41] ; cost is specified as one of several factors that might contribute to treatment discontinuation in the current European Association of Urology (EAU) guidelines for UI [9] . Two similar studies to evaluate persistence on-treatment in adults with OAB have been conducted in Spain, which reported higher rates of 12-month persistence on-treatment with solifenacin, fesoterodine or tolterodine monotherapy (range: 30.9-40.2%) compared with our study [34, 35] . These differences may be attributed to several factors: first, in both other studies, retrospective data were extracted from existing medical records from primary healthcare centres in parts of Catalonia and the Balearic Islands, compared with data representative of the overall Spanish population in our study. Second, our sensitivity analyses suggest that extending the period used to define treatment discontinuation results in greater persistence, and one of these other studies (Sicras--Mainar et al., 2014) used a considerably longer period to define treatment discontinuation (52 weeks without prescription renewal) versus our study (30 days in the base case analysis) [34] . In the other prior Spanish study (Sicras-Mainar et al., 2015), OAB patients between 20 and 64 years of age who were active workers were included; therefore, it's possible these patients may have been healthier or had a better treatment response, compared with the patient population in our study which were selected using less-stringent criteria [35] . However, no stratification was performed to evaluate the potential impact of these patient characteristics.
A high proportion of patients included in our study (82.3%) were also overweight or obese according to BMI; these patients may be less likely to experience symptom improvement (and perhaps more likely to discontinue treatment) than those with lower BMI. Weight loss has been shown to reduce the number of UI episodes in overweight or obese women [42, 43] , and is recommended by the EAU to reduce the risk of developing UI, or improve symptoms [9] . Similar to the current study, the mean BMI values in European patients with OAB enrolled in phase II/III studies were also indicative of overweight [19, 44, 45] ; the impact of patients' BMI on persistence and adherence was not evaluated in our study and this could perhaps be investigated in subsequent analyses. In our study, the majority of patients (71.7%) were defined as treatment-naïve (i.e. they had not received any prescriptions for an OAB drug during the 12 months prior to the index date), which may have led to different expectations regarding efficacy and/or tolerability compared with treatment-experienced patients, and perhaps contributed to the observed low overall persistence. A proportionally smaller number of treatment-naïve patients were prescribed mirabegron vs antimuscarinics, and as reported in our study and other studies [21, 22, 46, 47] , this may have had a positive impact on the persistence dataalthough treatment persistence was significantly longer with mirabegron versus all antimuscarinics in both the treatment naïve and treatment experienced subgroups. Most patients were prescribed antimuscarinics through primary care by a GP, while the majority of patients prescribed mirabegron received their prescription from a gynaecologist or urologist in secondary care. In the multivariate analysis of our study, the type of prescriber was not identified (during the stepwise selection process) as a covariate which produced a significant impact on TTD. However, we acknowledge there are two reports that indicate patients prescribed OAB treatment within a specialist setting experienced greater persistence compared with internal medicine/GP departments [48, 49] .
Patients' medication-taking behaviour can be attributed to many different factors and one of these is the nature of the communication with their physician [50] ; others include the patient's beliefs and values [50] , expectations of treatment [14] , perception of the severity of their condition [51] , and other behavioural or societal factors [51] . To mitigate some of these factors having a negative impact on-treatment persistence and adherence, it is important that the patients' treating physician provides them with the appropriate information/education during initial consultations, involves the patient in decision making throughout the course of treatment, and helps to manage their expectations around efficacy and tolerability. Also, a wide variety of comorbidities (including other urological conditions, neurological diseases, endocrine disorders, respiratory dysfunctions, faecal motility disorders, and pelvic cancer) may cause or worsen OAB symptoms [27] . Therefore, individualised treatment for patients with OAB, taking all aspects of a patients' condition into account (i.e. treating OAB in the context of all comorbidities, rather than as a single condition) may be crucial for improving rates of persistence and adherence. A higher proportion of patients in the current study (65.0%) received mirabegron compared with antimuscarinics (35.0%). Of the 629 patients prescribed an antimuscarinic, only trospium was prescribed to fewer than 90 patients and this antimuscarinic was not evaluated for 12-month persistence due to the small sample size (N = 18). The difference in the number of patients who received mirabegron and antimuscarinics may be attributed to mirabegron first being marketed in Spain in April 2014, fewer than two months prior to the start of the selection period [16] . It is possible that the proportional difference in prescriptions observed for mirabegron versus antimuscarinics may have contributed to the findings of our study, but this was not formally assessed.
Strengths of the study were the large sample size of approximately 1800 patients with OAB, and the collection of real-world data from a representative sample of patients treated in routine clinical practice in Spain. The main study limitation was the lack of significance estimates for the primary and secondary endpoints, which were not available as the protocol did not allow for adjustment of potential confounding factors in these specific analyses. However, significantly greater persistence was observed for mirabegron compared with antimuscarinics when Cox regression analyses were performed. Although the study tested for the confounding factors expected to be most important based on previous studies (and only those which had a significant association with TTD were included in our Cox regression models), the nature of retrospective database studies meant that all important confounding factors were unlikely to be captured, due to the analyses of limited secondary data (for example, information on the type of OAB symptoms or their severity were unavailable). Other limitations related to the database included persistence and adherence measured based on prescription data, rather than information being directly recorded by the treating physician; plus, several factors that could potentially impact treatment persistence were not recorded (e.g. physician compliance to management guidelines; severity of OAB symptoms; overall health/fragility of patients; physician bias for initial treatment/switching). Also, the trends observed for fixed-and variable-MPR were not consistent and might have resulted from a proxy of the methodology used (i.e. denominators of 365 days and median TTD, respectively). Finally, persistence and adherence estimates may not have been completely accurate, as the study evaluated prescriptions issued, but information regarding collection or correct use of the prescribed medication according to the recommended regimen was not available; however, this would have likely impacted all patients, independent of the OAB treatment prescribed.
It is possible that the observed differences in persistence and adherence for mirabegron versus antimuscarinics in the current study, consistent with previous studies conducted in Canada and the UK [21, 22] , could be attributed to an improved tolerability profile with mirabegron; in particular, a lower incidence of bothersome anticholinergic AEs such as dry mouth and constipation [20, 52] . However, as discussed above, many different factors are involved in patients' medication-taking behaviour. Recently published data from the BELIEVE study reported insufficient relief of symptoms, poor tolerability due to side effects, and the cost/amount of co-pay among the most common reasons for switching from or discontinuing treatment with mirabegron [39] . Future studies, including PERSPECTIVE (Clinicaltrials.gov: NCT02386072 [53] should offer additional insights into the underlying differences in treatment persistence and adherence across therapies used for OAB, possible reasons for treatment discontinuation and the potential impact on clinical practice (e.g. for clinical outcomes, economic impact and resource use).
Conclusions
Mirabegron is associated with greater treatment persistence and adherence in patients with OAB, compared with antimuscarinics. The differences in mechanism of action and efficacy/tolerability profile may contribute to this reported treatment benefit and supports data showing that mirabegron is an appropriate treatment option for patients with OAB. The real-world evidence from this longitudinal, observational cohort study of OAB in Spain may provide strategic insights for clinicians and policy makers involved in the management of patients with this chronic condition. However, further study is needed to understand the different factors that may contribute to low persistence and adherence on-treatment with OAB pharmacotherapy. Some of these factors may be mitigated by the patient's treating physician providing them with appropriate information during initial consultations, involving them in decision making throughout the course of treatment, helping to manage their expectations around efficacy and tolerability, and implementing an individualised treatment strategy. Medical writing support provided by David Griffiths, PhD, of Bioscript Medical. Sally Bowditch of Astellas Pharma Europe Ltd. provided input to the design of the study, as well as analysis and interpretation of data. Àgata Carreño of IMS Health and Quintiles (now IQVIA) provided statistical analysis support.
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